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AUTORADIOGRAPHIC STUDIES OF TURNOVER TIME
AND PROTEIN SYNTHESIS IN PIG EPIDERMIS*
GERALD D. WEINSTEIN, M.D.t
The epidermis undergoes constant cellular
renewal at the basal cell layer to replace the
continual loss of cells by the stratum corneum.
Leblond and Walker (1) reviewed studies on
turnover timest of normal epidermis and found
that they ranged from 13—100 days in different
mammals. Recently, Rothberg, et at (2) de-
termined the turnover time of human epidermis
by measuring isotopically labeled stratum cor-
neum protein (keratin) collected after the in-
travenous injection of glycine-C14. They re-
ported a turnover time of normal epidermis to
be 26—28 days.
Autoradiographic technics to date have been
used only to study the epidermis of small
laboratory animals. Several investigators (3, 4,
5, 6) have studied incorporation of isotopically
labeled aniino acids into proteins of the strata
germinativum and malpighii and observed
progression of the marker into the stratum cor-
ieum. Another isotope-labeled compound, tn-
tiated thymidine, has been shown to be spe-
cifically incorporated ii nuclei undergoing DNA
synthesis (7). Since epidermal cell reduplica-
tion occurs almost entirely in the basal cell
layer, as shown both by isotope labeling (8,
9) and by the location of mitoses (11), it
would seem that progression of these labeled
cells up to the stratum corneum should be ob-
servable over a period of time (8, 9). This
study reports the turnover time of the pig
epidermis derived from autoradiographic stud-
ies using two different isotopes.
MATERIALS AND METHODS
Experiment A. Glycine-2-C14 (specific activity =
15.0 mC/rnM) obtained from Yolk Radiochemi-.
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cal Company was diluted to S /LC per 0.1 ml of
distilled water. On the dorsolateral aspect of a 60
lb white pig a shaved area was prepared and 14
tattooed marked sites were injected intradermally
with 0.1 ml (5 /LC) of the above solution. All in-
jections were made as superficial as possible with
a 26 gauge needle. Sequential 8-mm punch biopsy
specimens were taken from each of the 14 sites
at 1, 6, 24, 48 hours and 4, 7, 10, 14, 18, 23, 30, 37,
42, 54 days. Pre- and post-injection control biopsy
examinations were done for control comparisons
to natural background and background due to
systemic recirculation of locally injected isotope.
Experiment B. Tritiated thymidine (sp. act.
8.8 C/mM) obtained from Yolk Radiochemical Co.
was diluted to 5 /LC/0.1 ml. On the opposite side of
the pig 17 sites were each injected in a similar
fashion with 0.15 ml (7.5 /LC) of tritiated thymidine.
Serial biopsy studies were performed at 1, 2, 6, 24,
48 hours and 3, 4, 7, 10, 14, 18, 23, 30, 37, 42, 54
days. Pre- and post-injection biopsy examinations
were also done.
Experiment C. Tritiated glycine (sp. act. = 4.0
rnC/mM) was obtained from Yolk Radiochemical
Company and diluted to 7.5 /LC/0.1 ml. In another
area on the pig's back, 6 sites were each injected
intradermally with 7.5 /LC of tritiated glycine. Bi-
opsy specimens were taken at 1 hour and 1, 5, 9, 15,
21 days.
Experiment D. Glycine-2-C14 (sp. act. = 15
mC/mM) was obtained from New England Nu-
clear Corporation. A miniature adult pig weighing
150 lb was injected intravenously in an ear vein
with 990 /LC of this isotope. Serial biopsy specimens
were taken at 3, 5, 7, 10, 12, 14, 17, 19, 21, 26, 28,
31, 35, 38, 40 days, as well as a pre-injection con-
trol specimen.
All specimens were immediately fixed in 10%
formalin for 24 hours, kept in water for 24 hours
and then dehydrated in 70% alcohol until paraffin
embedding. Serial sections cut at 6 microns and
mounted on slides were processed through xylol,
alcohol to water. The slides were dipped individ-
ually for 3 seconds in Kodak NTB 3 liquid emUl-
sion warmed to 40°C, according to the technic of
Joftes (10). They were then air dried and placed
in black plastic slide boxes containing a small tube
of Drierite®. The boxes were stored at 4°C for
various periods. The ideal exposure times found
were 3 weeks for experiment A, 8 weeks for ex-
periment B, 3 weeks for experiment C, and 15
weeks for experiment D. The slides were developed
in Kodak developer D-19 for 5 minutes, washed
in a stop bath and then immersed in Kodak rapid
fixer for 10 minutes. After washing in running
water for 15 minutes the slides were stained in the
usual manner with hematoxylin and light eosin
413
414 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
and mounted. Developing solution temperatures
were maintained at 18 1°C.
RESULTS
A. Glycine-C'4 intradermally
At 1, 6, and 24 hours after local injection of
glycine-C", all areas of the epidermis except the
stratum corneum had a uniform distribution of
silver photographic grains. The relative amount
of non-specific background grains was always
substantially less than the grains localized in
the epidermis. Due to the higher energy of the
C14 isotope (as compared to tritium), the
localization of grains to a specific part of the
cells could not be made. Grains were scattered
randomly over nuclei, cytoplasm and inter-
cellular spaces. The grains were first noted in
the lowest part of the stratum corneum at 48
hours (Fig. 1). All lower epidermal levels at
this time remained uniformly labeled. By 10
days, grains were observed in the mid-stratum
corneum while the epidermal labeling, still
diffuse, had decreased in intensity (Fig. 2). The
first grains were seen in the uppermost part of
the stratum corneum at the 18th day, (Fig. 3)
signifying progression of the glycine isotope
from the top of the malpighian layer to the top
of the stratum corneum in about 16 days. The
remaining grains throughout the lower part of
the epidermis had decreased markedly, and
disappeared by the 23rd day. At 42 days a
very light amount of label was still present in
the upper stratum corneum.
B. Tritiated Thymidine intraderinally
At 1, 2, and 6 hours, silver grains were con-
centrated over the nuclei of basal cells in the
epidermis (Fig. 4). By 24 hours, occasional
pairs of cells with labeled nuclei were seen in
the basal and suprabasal cell layers of the
epidermis, presumably indicating post-mitotic
daughter cells of cells labeled initially. After 10
days, labeled cells were seen as high as the mid-
stratum malpighii (Fig. 5), and at 14 days at
top of the stratum malpighii (Fig. 6). Lightly
labeled cells were still seen at all layers below
the stratum corneum at 18 days but disap-
peared by 23 days. No tritium marker was seen
in the stratum corneum at any time.
Two hours after injection the percentage of
basal cells labeled in a population of basal cells,
as determined by the method of Van Scott and
Ekel (11), was 1.6%. After subsequent mitoses
the population of labeled cells increased.
C. Tritiated Glycine intradermally
One hour following the injection of tritiated
glycine, silver grains were uniformly distributed
over the basal cell and malpighian layers but
not in the stratum corneum. A relatively large
number of the grains were found over the cyto-
plasm of the cells and only a few grains over
the nuclei, in contrast to the random distribu-
tion of grains over cytoplasm and nuclei with
glycine-C'4. This is explained by the relatively
low energy of the tritium emission, which
travels up to 1.5 microns in the emulsion and
therefore permits discrete resolution. The
higher energy emission of C'4 travels further in
the emulsion and not only forms grains directly
overhead but also at an angle; resolution, there-
fore, is less sharply defined than with tritium.
D. Glycine-C'4 intravenously
Similar results were obtained following intra-
venous injection of glycine-C'4 as after the
intradermal injections of glycine-C'4. At 3 days
uniform labeling was seen in basal and mal-
pighian cell layers, and in the lowest part of
the stratum corneum. Grains reached the upper
level of the stratum corneum at 17 days. The
lower epidermis was clear of grains by 31 days
and light labeling was still seen at 40 days in
the upper stratum corneum.
DIsCUSSION
The pig epidermis was used as a model sys-
tem in this study because of its morphologic
resemblance to human epidermis. On histological
examination we have found the width of the
epidermal basal cell to be within 10% of the
human basal cell. Also, the total thickness of
the pig epidermis is found to vary within 20%
of the human epidermis.
Previous autoradiographic studies performed
on the relatively thin rat epidermis and eso-
phageal epithelium using the amino acids
methionine-535 or cystine-535 have shown uni-
form labeling of the stratum malpighii with
subsequent labeling of the stratum corneum
(3, 5, 6). In a more recent autoradiographic
study cytidine-113 was used in rats to investi-
gate the sites of synthesis of RNA in the epi-
dermis (12). Fukiyama and Bernstein found
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FIG. 1. Autoradiograph of pig epidermis 48 hours after the intradermal injection of glycine-
C14. A uniform distribution of grains is seen over the epidermis up to and including the lower
layers of the stratum corneum. X 620.
FIG. 2. Autoradiograph of pig epidermis 10 days after the intradermal injection of glycine-
C14 showing grains to the level of the mid-stratum corneum. X 600.
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Fia. 3. Autoradiograph of pig epidermis 18 days after glycine-014 injection. Isotope has now
progressed to outermost layer of the stratuna corneum; a decreased number of grains are
left in lower parts of the epidermis. X 345.
Fia. 4. Autoradiograph of pig epidermis 6 hours after intradermal injection of tritiated
thymidine. Heavy concentrations of grains are seen over two basal cell nuclei. X 630.
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FIG. 5. Autoradiograph of pig epidermis 4 days after intradermal injection of tritiated
thymidine. Labeled nuclei are seen in the lower epidermis, and in the dermis. X 730.
FIG. 6. Autoradiograph of pig epidermis 14 days alter the intradermal injection of tritiated
thymidine. A labeled nucleus is seen at the top of the malpighian layer and one in the mid-
epidermis. X 730.
C 
4 
S 
I 
I 
.
1 
.
,
t 
4*
: 
7 
.
1 
W
V 
'1
 
•
te
 
*
4 
1•
 
*
 
4 
418 THE JOURNAL OF' INVESTIGATIVE DERMATOLOGY
that nuclei of cells in all layers of the epi-
dermis were immediately labeled with this
marker. The conclusion reached by the latter
investigators was that the presence of RNA
synthesis in the cells of the malpighian and
granular layers indicated protein synthesis at
these layers.
The results of the present study appear to
confirm this conclusion. The appearance of
glycine-C'4 immediately labeling all layers of the
epidermis containing viable cells (the stratum
corneum cells would not be considered viable)
suggests that protein synthesis occurs through-
out the viable epidermis rather than at any
one specific level. The subsequent upward
movement of protein in the stratum corneum,
shown here between the 2nd and 18th days, is
in accord with the suggestion of Leblond in his
early autoradiographic studies with the non-
specific C'4-sodium carbonate (3).
The cells in the process of synthesizing DNA
in the intermitotic period will specifically in-
corporate the labeled DNA nucleoside, thy-
midine. The results of the tritiated thymidine
injections show that relatively few cells are in
the period of DNA synthesis at any one time.
As one would expect, labeled cells are found
almost exclusively in the basal cell layer at
the earliest times. At 24 hours pairs of labeled
cells are first noted suggesting that 6—24 hours
elapse between the time of DNA synthesis and
the completion of mitosis. After 1—2 days there
is a slow progression of the original and/or
daughter labeled cells into higher levels of the
epidermis. The transit time of cells from the
basal layer to the top of the stratum malpighian
was about 14 days. If the 16 day transit time
of glycine-C'4 through the stratum corneum is
added to the transit time through the lower
epidermis a total turnover time of about 30
days can be estimated. There are no other data
on the turnover of pig epidermis; however, as
previously mentioned the turnover time of
human epidermis has been reported to be 26—28
days (2).
Although the free amino acid glycine is in-
volved in many biochemical systems, it is
primarily a constituent of proteins and it is
considered in this study to be incorporated into
epidermal proteins. If the glycine-C14 were not
incorporated in protein, the numerous water and
fat solvent washes of the tissue specimens would
be expected to leach out this small water-
soluble compound. In the study of Rothberg,
et al (2), following the injection of glycine-C"
the radioactive amino acid was isolated specif-
ically from protein of the stratum corneum.
It would, therefore, seem that the autoradio-
graphic grains of the glycine-C1' in the present
experiments represent glycine incorporated into
protein. The autoradiographs obtained with
the tritiated glycine show that the label is
mainly concentrated in the cytoplasm where
presumably the majority of the proteins are
synthesized. Glycine can be considered an im-
portant amino acid in stratum corneum protein
for the purpose of isotope labeling since it
constitutes 15.8% of the protein (13).
SUMMARY
1. The turnover time of the pig epidermis is
about 30 days as autoradiographically measured
with glycine-C" and tritiated thymidine mark-
ers. The turnover time of the viable cell layer
is estimated to be approximately 14 days, and
that of the stratum corneum 16 days.
2. Carbon14 and tritium isotopes of glycine
are shown to label uniformly all layers of the
epidermis below the stratum corneum immedi-
ately after injection.
3. The technic of local intradermal injec-
tions of isotopes is a useful investigative tool in
dermatologic research.
REFERENCES
1. Leblond, C. P. and Walker, B. E.: Renewal of
cell populations. Physiol. Rev., 36: 255,1956.
2. Rothberg, S., Crounse, R. G. and Lee, J. L.:
Glycine-C14 incorporation into the proteins
of normal stratum corneum and the abnor-
mal stratum corneum of psoriasis. J. Invest.
Derm., 37: 497, 1961.
3. Leblond, C. P.: Histological structure of hair
with a brief comparison to other epidermal
appendages and epidermis itself. Ann. N.Y.
Acad. Sci., 53: 464, 1951.
4. Leblond, C. P., Everett, N. B. and Simmons,
B.: Sites of protein synthesis as shown by
radioautographs alter administration of 585
labeled Methionine. Amer. J. Anat., 101:
225, 1957.
5. Belanger, L. F.: Autoradiographs of S amino
acids. Anat. Rec., 124: 555, 1956.6. PeIc, S. R.: The participation of the cell nu-
cleus and its DNA in the formation ol
keratin. Exp. Cell Res., Suppl. 6: 97, 1958.
7. Amano, M., Messier, B. and Leblond, C. P.:
Specificity of labeled thyrnidine as a deoxy-
ribonucleic acid precursor in radioautog-
raphy. J. Histochem. Cytochem., 7: 153,
1959.
TURNOVER AND PROTEIN SYNTHESIS IN EPIDERMIS 419
8. Messier, B. and Leblond, C. P.: Cell prolifera-
tion and migration as revealed by radio-
autography after injection of thymidine-H3
in male rats and mice. Amer. J. Anat., 106:
247, 1960.9. Fukiyarna, K. and Bernstein, I. A.: Auto-
radiographic studies of the incorporation of
thymidine-H3 into deoxyribonucleic acid in
the skin of young rats. J. Invest. Derm., 36:
321, 1961.
10. Joftes, D. L.: Radioautography, principles and
procedures. J. Nuci. Med., 4: 143, 1963.
11. Van Scott, E. J. and Ekel, T. M.: Kinetics of
hyperplasia in psoriasis. Arch. Derm. (Chi-
cago), 88: 373, 1963.
12. Fukiyama, K. and Bernstein, I. A.: Site of
synthesis of ribonucleic acid in mammalian
epidermis. J. Invest. Derm., 41: 47, 1963.13. Crounse, R. G.: Epidermal keratin: A re-
evaluation. Nature (London), 200: 539, 1963.
